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SYNOPSIS

Objective. The purpose of this study was to assess the relationship between 
pre-pregnancy maternal obesity and risk of infant death.

Methods. In March 2004, maternal height and pre-pregnancy weight were 
added to the data collected on the Florida birth certificate. Using birth records 
linked to infant deaths, these data were used to assess the relationship 
between pre-pregnancy maternal obesity, as measured by body mass index, 
and infant death.

Results. Pre-pregnancy maternal obesity was associated with increased odds 
of infant death. The increased risk was found with and without adjustments for 
maternal race, marital status, age, education, trimester prenatal care began, 
first birth, and tobacco use.

Conclusion. There is a substantial and significant association between pre-
pregnancy maternal obesity and infant death.
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The large and growing prevalence of obesity among 
the U.S. population1 has led to increased concern in 
the medical and public health fields due to the strong 
relationships found among obesity, illness, and mor-
tality.2 A 2003–2004 National Health and Nutrition 
Examination Survey showed that 17.1% of U.S. adults 
aged 20 and older were overweight and 16.5% were 
obese, which equates to 33.6% of the U.S. adult popu-
lation being classified as either overweight or obese.3 
Consistent with the increasing focus on weight and 
health outcomes of the general population, maternal 
pre-pregnancy weight is also being assessed for impact 
on perinatal health outcomes. Published studies have 
shown significant associations between pre-pregnancy 
maternal overweight/obese status and increased risks 
of pregnancy complications, such as cesarean deliv-
ery, gestational diabetes, preeclampsia/eclampsia, 
macrosomia, and congenital anomalies.4–9 In studies 
conducted in Sweden and Denmark, the relationship 
between maternal pre-pregnancy weight and pregnancy 
outcome was examined. These studies found that 
women with higher pre-pregnancy body mass index 
(BMI) values had increased odds of fetal death and 
early neonatal death compared with women who had 
lower pre-pregnancy BMI values.10–13

In 2005, the American College of Obstetricians 
and Gynecologists released guidance to obstetricians 
and gynecologists on obesity in pregnancy that rec-
ommended the collection of maternal height and 
weight during the first prenatal visit for BMI index 
calculations.14 The intent was to facilitate monitoring 
of weight gain during pregnancy, to advise pregnant 
women on the risk of obesity in pregnancy, and to 
assist in recommendations for postpartum weight loss 
and management. 

In 2001, the National Center for Health Statistics 
Panel to Evaluate the U.S. Standard Certificates rec-
ommended that maternal height and pre-pregnancy 
weight be added to U.S. birth certificates to allow 
BMI calculation due to the association of maternal 
BMI to perinatal outcomes.15 In March 2004, the 
Florida Department of Health, Office of Vital Statis-
tics implemented a revised Florida birth record that 
includes maternal height and pre-pregnancy weight. 
The addition of these two measures in 2004 made it 
possible to conduct Florida population-based analyses 
using BMI. 

 The purpose of this analysis was to assess and quan-
tify the relationship between pre-pregnancy BMI and 
risk of infant death for the 2004 Florida birth cohort. 
To our knowledge, this analysis is the first to use a 
statewide birth cohort to examine the relationship 
between obesity and infant death. 

METHODS

The data used for this analysis were the Florida resident 
birth records from March 2004 to December 2004. The 
birth records of infants born in January and February 
2004 were excluded, because birth records in Florida 
prior to March 2004 did not include maternal height 
and pre-pregnancy weight information. For this analy-
sis, 183,618 total resident birth records were linked to 
1,288 resident infant death records. There were 17,317 
(9.4%) linked records excluded due to missing data for 
the required variables. These excluded birth records 
were linked to 273 infant death records, which were 
also excluded. Remaining were 166,301 (90.6%) birth 
records linked to 1,015 (78.8%) infant death records 
for the analysis. 

BMI is a measure of weight relative to height. The 
formula for BMI is: [(weight in pounds) / (height in 
inches)2] 3 703.16 BMI calculations were used to classify 
the maternal pre-pregnancy weight into five categories 
as defined by clinical guidelines from the the National 
Heart, Lung and Blood Institute’s Expert Panel on 
the Identification, Evaluation, and Treatment of Over-
weight and Obesity in Adults:16 (1) underweight (BMI 
,18.5), (2) normal (BMI 18.5–24.9), (3) overweight 
(BMI 25.0–29.9), (4) obese (BMI 30.0–39.9), and (5) 
morbidly obese (BMI 401). 

Multivariate logistic regression was used to compute 
adjusted odds ratios (AORs) and associated confidence 
intervals for infant death. Infant death was used as the 
dependent variable and the BMI categories were used 
as dummy variables in Model 1 of the multivariate 
logistic regression analysis. Using Chi-square statistics, 
maternal race, marital status, age, education, tobacco 
use, first birth, and trimester of entry into prenatal 
care were found to be statistically significantly associ-
ated with obesity and infant death, and were therefore 
included in subsequent regression models to adjust 
for potential confounding. These variables were also 
assessed as potential effect modifiers for the BMI vari-
ables. This was done by using all first-level interaction 
terms between the BMI variables and the adjusting 
variables, in the logistic regression analysis.

In reviews of research literature, obesity has been 
found to be causally associated with diabetes mellitus, 
hypertension, and preeclampsia.17,18 These conditions 
have also been found to be associated with adverse 
perinatal outcomes.19–24 Assessments of risk for women 
with these conditions might affect the relationship 
between infant death and maternal pre-pregnancy 
weight. To determine the extent of the potential influ-
ence associated with these conditions, a subset analysis 
was performed that computed adjusted odds ratios for 
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cases that did not have any of these aforementioned 
conditions indicated on the birth record. There were 
150,369 of the 166,301 analysis records that met the 
criteria of “birth records without the previously listed 
maternal complications,” leaving 15,932 records 
excluded in this subset analysis. The AORs for women 
without the specified complications were compared to 
the AORs for all women to assess any differences in 
association.

RESULTS

Table 1 displays the frequency distributions for the 
independent variables and the infant death rates 

among the subgroups defined by the independent 
variables. The rates in Table 1 were unadjusted and 
show that higher infant death rates were associated 
with maternal obesity, black race, unmarried marital 
status, young age, older age, smoking, and late entry 
into prenatal care. In the obesity categories, the rate 
was lowest for the normal BMI category and the rates 
were higher for the underweight and the higher BMI 
categories. 

Table 2 compares records excluded from the 
analysis because of missing values to records that were 
included in the analysis. As shown in Table 2, births 
that were linked to infant deaths were more likely to 
be excluded, as 21.2% of the 1,288 linked birth records 

Table 1. Maternal demographic statistics and infant death rates for Florida infants born  
from March through December 2004

Number of 
births

Percent of 
births

Number of 
infant deaths

Percent of 
infant 
deaths

Infant 
death rate 

per 1,000 births

Included in the analysis 166,301 90.6 1,015 78.8 6.10
Excluded due to missing values 17,317 9.4 273 21.2 15.76
Total 183,618 100.0 1,288 100.0 7.01

Underweight (BMI ,18.5) 9,023 5.4 59 5.8 6.54
Normal weight (BMI 18.5–24.9) 87,066 52.4 463 45.6 5.32
Overweight (BMI 25.0–29.9) 39,046 23.5 250 24.6 6.40
Obese (BMI 30.0–39.9) 26,224 15.8 190 18.7 7.25
Morbidly obese (BMI 401) 4,942 3.0 53 5.2 10.72
Total 166,301 100.0 1,015 100.0 6.10

Maternal race black 35,287 21.2 399 39.3 11.31
Maternal race non-black 131,014 78.8 616 60.7 4.70
Total 166,301 100.0 1,015 100.0 6.10

Unmarried 67,023 40.3 559 55.1 8.34
Married 99,278 59.7 456 44.9 4.59
Total 166,301 100.0 1,015 100.0 6.10

Maternal age 401 5,037 3.0 41 4.0 8.14
Maternal age 18–39 155,455 93.5 900 88.7 5.79
Maternal age ,18 5,809 3.5 74 7.3 12.74
Total 166,301 100.0 1,015 100.0 6.10

Maternal tobacco use 12,334 7.4 112 11.0 9.08
Maternal tobacco non-use 153,967 92.6 903 89.0 5.86
Total 166,301 100.0 1,015 100.0 6.10

First birth 69,907 42.0 417 41.1 5.97
Not first birth 96,394 58.0 598 58.9 6.20
Total 166,301 100.0 1,015 100.0 6.10

First trimester prenatal care 111,445 67.0 412 40.6 3.70
Second trimester prenatal care 25,662 15.4 131 12.9 5.10
Third, none, or unknown prenatal care 29,194 17.6 472 46.5 16.17
Total 166,301 100.0 1,015 100.0 6.10

Selected maternal risk factors presenta 15,932 9.6 100 9.9 6.28
Selected maternal risk factors not presenta 150,369 90.4 915 90.1 6.09
Total 166,301 100.0 1,015 100.0 6.10

aIncludes diabetes, gestational diabetes, chronic hypertension, preeclampsia, and eclampsia 

BMI 5 body mass index
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were excluded and overall only 9.4% of the 183,618 
total records were excluded. A similar pattern was 
evident for records of infants born weighing less than 
500 grams. There were a small number of these births 
(n5325), but a relatively high proportion (29.5%) were 
excluded due to missing values. The distribution of 
maternal characteristics was similar between the records 
included and excluded in this analysis. For example, 
12.1% of the births to black mothers were excluded, 
and 10.0% of the births to unmarried mothers were 
excluded, which was closer to the overall exclusion 
percentage of 9.4%.

Table 3 shows the results from a series of logistic 
regression models. Model 1 displays the unadjusted 
odds ratios for infant death associated with the four 
BMI categories: underweight (BMI ,18.5), overweight 
(BMI 25.0–29.9), obese (BMI 30.0–39.9), and morbidly 
obese (BMI 401). The reference group for the four 
BMI groups included infants whose mothers had a pre-
pregnancy BMI in the normal range (18.5–24.9). 

Model 2 gives the odds ratios for the BMI variables 

adjusted for associations between the BMI variables 
and the demographic variables. As a result, all of the 
BMI odds ratios in Model 2 are lower than the odds 
ratios in Model 1. This suggests that a portion of the 
association between infant death and the BMI variables 
in Model 1 was due to the association between the BMI 
variables and the demographic variables. 

Model 2 shows that infants born to women who 
were obese had odds of infant death that were 23% 
higher than the odds for the reference group of infants 
born to women with a normal BMI (AOR 5 1.23, 95% 
confidence interval [CI] 1.03, 1.46). The association 
between maternal pre-pregnancy weight and infant 
death was more pronounced for infants born to 
women classified as morbidly obese with odds of infant 
death that were 70% higher than the reference group 
(AOR51.70, 95% CI 1.28, 2.28). 

In Model 3, regression analysis was performed on the 
subset of births with no indication of maternal chronic/
gestational diabetes, chronic/gestational hypertension, 
preeclampsia, or eclampsia on the birth record. These 

Table 2. Comparison of maternal characteristics for infants included in the analysis and infants excluded  
due to missing data for Florida infants born from March through December 2004

Included 
in analysis

Excluded due to 
missing data Total

Number of births 166,301 17,317 183,618
Percent 90.6 9.4 100.0 

Number of infant deaths 1,015 273 1,288
Percent 78.8 21.2 100.0 

Number of infants with maternal BMI 166,301 15,142 181,443
Percent 91.7 8.3 100.0 

Number of infants with birth weight ,500 grams 229 96 325
Percent 70.5 29.5 100.0 

Number of infants with maternal race black 35,287 4,873 40,160
Percent 87.9 12.1 100.0 

Number of infants with unmarried mothers 67,023 7,452 74,475
Percent 90.0 10.0 100.0 

Number of infants with unknown marital status 0 881 881
Percent 0 100.0 100.0

Number of infants with maternal age ,18 years 5,809 625 6,434
Percent 90.3 9.7 100.0 

Number of infants with maternal age 18–39 years 155,455 16,071 171,526
Percent 90.6 9.4 100.0 

Number of infants with maternal age .39 years 5,037 602 5,639
Percent 89.3 10.7 100.0 

Number of infants with unknown maternal age 0 19 19
Percent 0 100.0 100.0

Number of infants with maternal education ,high school 34,007 4,285 38,292
Percent 88.8 11.2 100.0 

Number of infants with maternal education unknown 0 1,859 1,859
Percent 0 100.0 100.0

BMI 5 body mass index
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subset criteria resulted in the exclusion of 15,932 
records from the primary dataset, which left 150,369 
records for subset analysis. As explained previously, 
these exclusions were performed to control directly for 
potential influence from possible associations between 
these conditions and the analysis variables. As shown 
in Table 2, the AORs in Model 3 are very close to 
those in Model 2, which indicates the results were not 
substantially affected by presence or absence of these 
conditions as recorded on the birth record. 

In assessing potential effect modification between 
the adjusting variables and the BMI variables, it was 
found that only the maternal race variable was associ-
ated with statistically significant effect modification. 

The implication of the effect modification is that the 
AORs were significantly different for the two racial 
subgroups. To illustrate the difference, the AORs were 
computed separately for the two racial subgroups of 
black and non-black (Table 4). As suggested by the 
effect modification analysis, the pattern of the BMI-
infant mortality association, as indicated by the AORs, 
was different for these two groups.

For infants born to black women, the AORs in the 
overweight and obese categories were statistically sig-
nificant, while for infants born to non-black women, 
the corresponding AORs were not associated with 
increased risk. For example, in the obese category, 
the AORs for infants born to black mothers was 1.50 

Table 3. Infant death odds ratios for Florida infants born from March through December 2004  
linked to infant deaths by maternal BMI

Model 1: 
infant death 
unadjusted

Model 2: 
infant death 

adjusteda

Model 3:b 
infant death 

adjusteda

Risk factor OR (95% CI) OR (95% CI) OR (95% CI)

Underweight (BMI ,18.5) 1.23 (0.94, 1.62) 1.07 (0.81, 1.41) 1.10 (0.83, 1.45)
Normal weight (BMI 18.5–24.9) Referent Referent Referent
Overweight (BMI 25.0–29.9) 1.21 (1.03, 1.41)c 1.14 (0.98, 1.34) 1.12 (0.95, 1.32)
Obese (BMI 30.0–39.9) 1.37 (1.15, 1.62)c 1.23 (1.03, 1.46)c 1.23 (1.03, 1.48)c

Morbidly obese (BMI 401) 2.03 (1.52, 2.70)c 1.70 (1.28, 2.28)c 1.70 (1.22, 2.36)c

aAdjusted for maternal race, age, marital status, education, tobacco use, first birth, and trimester of entry into prenatal care
bModel 3 includes only births where the mother did not have chronic diabetes, gestational diabetes, chronic high blood pressure, pregnancy-
related high blood pressure, preeclampsia, or eclampsia indicated on the birth record.
cStatistically significant at the alpha50.05 level

BMI 5 body mass index

OR 5 odds ratio

CI 5 confidence interval

Table 4. Infant death odds ratios for Florida infants born from March through December 2004  
linked to infant deaths by maternal BMI and race

Risk factor

Maternal race 
black  

infant death  
AORa (95% CI)

Maternal race 
non-black 

infant death 
AORa (95% CI)

Underweight (BMI ,18.5)b 0.55 (0.28, 1.09) 1.28 (0.94, 1.73)
Normal weight (BMI 18.5–24.9) Referent Referent

Overweight (BMI 25.0–29.9) 1.39 (1.08, 1.78)c 1.01 (0.83, 1.24)

Obese (BMI 30.0–39.9)b 1.50 (1.16, 1.95)c 1.05 (0.82, 1.33)

Morbidly obese (BMI 401) 1.74 (1.16, 2.62)c 1.77 (1.17, 2.69)c

aAdjusted for maternal age, marital status, education, tobacco use, first birth, and trimester of entry into prenatal care
bStatistically significant difference between black and non-black AORs at the alpha50.05 level 

cStatistically significant at the alpha50.05 level

BMI 5 body mass index

AOR 5 adusted odds ratio

CI 5 confidence interval 
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(95% CI 1.16, 1.95), and the corresponding AOR for 
infants born to non-black mothers was 1.05 (95% CI 
0.82, 1.33). The AOR for infants born to black mothers 
was statistically significant, indicating that the odds of 
infant death were 50% higher for infants born to black 
mothers in the overweight BMI category compared 
with infants born to black mothers in the normal BMI 
category. The corresponding AOR for infants born to 
non-black mothers did not indicate increased odds 
of infant death. These two AORs were significantly 
different and indicate that obesity was associated with 
increased odds of infant death for black women, but 
not for non-black women. In contrast, the AORs in the 
morbidly obese category were significantly associated 
with increased risk for infants born to both maternal 
race groups with similar AORs, 1.74 (95% CI 1.16, 2.62) 
for infants born to black mothers, and 1.77 (95% CI 
1.17, 2.69) for infants born to non-black mothers. 

Additionally, in Table 4, the AORs for infant death 
in the underweight category were significantly different 
for infants born to black vs. non-black mothers. In the 
black underweight category, the AOR was 0.55 (95% 
CI 0.28, 1.09); in the non-black underweight category, 
the AOR was 1.28 (95% CI 0.94, 1.73). The 0.55 AOR 
was significantly different from the 1.28 AOR.

DISCUSSION

This analysis indicates that maternal obesity is associ-
ated with increased odds of infant death. This associa-
tion was found before and after adjusting for maternal 
race, marital status, age, education, first birth, tobacco 
use, and trimester of entry into prenatal care. The 
results also suggest a different pattern of increased 
infant mortality odds for infants born to black and 
non-black women who are underweight or obese. High 
maternal BMI was associated with increased risk of 
infant death for infants born to overweight or obese 
black women, but not for infants born to overweight 
or obese non-black women. The difference between 
the odds ratios for infants born to black and non-black 
women was statistically significant in the underweight 
and in the obese categories. However, the difference 
was in opposite directions for these two categories, with 
the underweight category being associated with lower 
risk of infant death for infants born to black mothers 
and higher risk of death for infants born to non-black 
mothers. In the obese category, this pattern was differ-
ent in that infants born to black women in this category 
were associated with higher risk of infant death, while 
infants born to non-black women were not. In the 
morbidly obese category, infants born to both black 

and non-black women experienced approximately the 
same increase in odds of infant death. 

One potential source of bias in this analysis was 
the exclusion of records due to missing values for the 
required variables. As previously noted, births that were 
linked to infant deaths were more likely to be excluded 
from the analysis due to missing values. However, 
because more than 90% of the birth records and more 
than 78% of the infant death records were included in 
this analysis, it seems unlikely that the conclusions of 
this analysis have been substantively affected. 

Another potential source of bias was the underre-
porting of maternal medical factors on the birth record, 
which were used to directly control for association 
with the analysis variables. If these conditions were 
present, but not recorded on the birth record, the 
incompleteness would have caused those cases to be 
misclassified as not having these factors. However, the 
results were virtually the same when cases with these 
maternal medical factors were excluded; therefore, any 
underreporting of these factors was unlikely to have 
affected the results.

CONCLUSIONS

This study’s findings result in adding increased risk 
of infant death to the list of poor health outcomes 
associated with obesity. In April 2006, the Centers 
for Disease Control and Prevention (CDC) published 
“Recommendations to Improve Preconception Health 
and Health Care—United States,” which emphasized 
the need to improve a woman’s health prior to concep-
tion.25 In this publication, obesity was one of 14 risk 
factors emphasized to be addressed prior to pregnancy, 
and was associated with the perinatal adverse outcomes 
of neural tube defects, preterm delivery, diabetes, 
cesarean section, and hypertensive and thromboem-
bolic disease. 

A recent article reviewing the history of preconcep-
tion care noted a current trend among some medical 
groups to integrate preconception care into primary 
health care,26 but not all women have access to pri-
mary health care. Considering that approximately 
18% of adults 18 to 64 years of age did not have a 
usual source of health care in 2004–2005, and about 
13% were women (age adjusted),1 it is important that 
interventions are offered outside traditional health-care 
settings. One recommendation by the CDC workgroup 
was the integration of aspects of preconception health 
into existing local public health and related programs, 
including community-based approaches.25 The integra-
tion of an important component of preconception 
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health and obesity prevention into effective com-
munity-based interventions may lead to beneficial 
outcomes for the overall population, including women 
of childbearing age. 

Further investigation is needed to determine if 
a direct association exists between maternal weight 
(both obesity and underweight) and infant death. 
Researchers should be encouraged to conduct analyses 
for U.S. states that have included maternal height and 
pre-pregnancy weight on the birth certificate to assess 
the consistency and strength of associations between 
infant mortality and maternal pre-pregnancy weight. 
Given the relationships of social, economic, and envi-
ronmental factors on health, future analyses should 
also consider the role of other important variables, 
such as income, health-care access, and quality, when 
assessing risks of poor perinatal outcomes.
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